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mm^^ mmm 

mmmmn^^mAnmmx m Mm^mcD u y - x s: laj^ l ^ r >r ;i/ s: ^ 
mm yT>{ji\z s n u y - :^ ^ pg»*^ tc®® s it -5 m^mm^^ n 

mmm^^m^mit. «±^®pgM*^ej> iii«©^^bTv>^y y-;^®M-r 
mmmmn^^mt. ra i D$r^B?:Mv^:^/^- K5^>r ::^i^aet?^»j. 

F® ^ «?)<^)^f^ :7 * — if - >r > ^7 ac - ;^ {C J: o Tfr -5 

So 

[M^:^ 5] y^yr-rr^-fe:^ "Tig ^ib#^«c ^m^i^x^-^ (ommAxf/ 

1 ffilEE# 2 0 0 0-3 0 



#2 000 — 09461 1 



y y-x®^^:&^o 

^ 7 31 - X tc J: o Tf? -3 ®® L/> 

[0 0 0 1] 
[0 0 0 2] 

j£^, CATV (>r--/;i/-7^i/'i^) ^®#S.lc<fcS7^-^li^cD#^^>^;i/ 

y, #^bfcy, se)fcttiH^b:&*^e>ii^Lfcy^®ii**'«iif* yoo^Sc 
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o and/or Y i d e o) V-J^t^mttl^) t.mttl^mUf>^nAh 
[0 0 0 3] 

mm(DJ\''\^7^4 (£AT THDj ti^S) ^S$:Mv%s:ii:icj:y7=-^® 
[0 0 0 4] 

m^-'^^n^W^^-thVx^^^y^jixn^'t^z.iL\z:^i}^ vod ctr 

[0 0 0 5] 

r© j:e> J&iAV1?--/'?tCMV>e>tlSHD^Sdi, 1 9 8 8^P a t t e r s 
o n^}C^ oT|§^c5tlit:|&:i: ( 'A Case for Redtmdant Arrays of Inexpensi 
ve Disks (RAID) ' , ACM SIGMOND Conference, Chicago, III, Jun. 1-3, 1988. 

) {cMfli^tiTVAS, ^jg^c®HD*^e>:&-s/^- F^>f xi?' K^>r:/ THD 

D J ill^/S.*) S:^ SjlC^li^iB^JbfeR A I D (Redundant Arrays of Inexpe 
nsiv e Disks ) fi^^^'^M V> ^tlT V>-5o 
[0 0 0 6] 

±MWi-X(O^XKA ID«. RAID-1*^P>RAI D - 5 * "T? 5 o 
tlTV^So RA I D- 1 tt2^(7)HDDlC|^Cp^^$:«^32itf:;^^'t?S>S= RA 
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7^-^ $:^^bTft&© 1 ^©HDDlC«^j2,tr:«r^T'feS„ $ e>lCRA I D- 5 
[0 0 0 7] 

Z.(5[)RA I D^^gS:mv^feHD^S (JEi^T^lC Tra I Dj i:=fol^4i*) T'tt, 
H D ^ H ^ b - ^ ^ A U 5^ >f ^ - 1? 5: M V ^ T ^ (D b H D ©7=^- ^5? S: 

[0 0 0 8] 

l?|^^lCAV7^-^C0Affi:^jS:^f -^ig^M^^^So -er-??, AVi^-AiCli, ^V^ 
C^libTgjff^t- -5^tS[®Am;fjjK- hjb^ai-t^tiTfeU, lo®A:d3K- h, 

[0 0 0 9] 

b*^L, #Am:/!j3i<-h*^^<im^}CRAI Di:<^^T'AV5^-tJ?<D^jtS:ff 
^ t.. AViJ— 7t|^l?#Am:^JjJ<- h^RA I Dil^^^LTV^SAx^C^tl^ 
® AV7='~^?*^I^^JciiStiSz:hlc;&s<D'r. ^SL^tT-JS: < # 

tifc^>f Axn^y M^-ecD^iAx^r/M^TRA I DO^T'CZ) A Vt"- ^<Z)^j3I$: 

4 tfiiE^ 2000-3095072 



^2 0 0 O — 0 9 4 6 1 1 



CO 0 1 0] 

i*32lM tc V % T ^ L >t A V -9- - yi tfi^ i: L T $ n -5 A V if - A 

-^IC. AVi?--7S®M^G) U y-X (HDD-^Aa4;f73K- h^®A 

[0011] 

RAIDtUTli, Am*3K- bi:HDDi:$:SCS I (Small Comput 
er Sistem Interface ) Ay^TJgg^f S S C S I ^ -< :^(7)=b<Z) il. AajS^JiK- h 
ilHDDil&SBX (Spydar Bus extension) AX-VmM-t^ SB 4 zf(D^ 
a)i:*^#^EbTi3y, SC3!IMl^JC^i^SAV-9--7ti/X^Ail L/Ti*. V>-rtl® 
^^Zf<DRA 1 D$:;t'reAV■9--/'?$:MV^fet>©=fo^tl^tl^CW3lL/T^^-5o 
[0 0 12] 

[^ b a: e> f s mm 

[0 0 13] 

(a) AVif- /tCDU V-Xtt^gSC^^fe-rS (M;^^^^ A V "9—7^-^1*^ 3 

0 0) <D-e, 3tib#i!t® u y-x(D:5f-ry^7\°^;*-^&ia«&bfc:7T>f;i/*^ 
^AVif- A®^^iJi:#|jgS:ffig"rsz:i:ttSil"^^So v^•m}^)^(^'; y- 

[0 0 14] 

(b) S C S I ^r>f ^®RA I Di: S BX^-f :^(DRA I Dill?». U If ;i/ K 

DS:^-rs AV-9— AS:Mv>^AV-9--7'?^>X7^A"e$>-5:)6^&?f|^L/fe-hT% ^ 
(D^t^ZfiZMJ^htcL^i^^nt^t^VyMt^^tjii/^^ SC S I ^>f^T'®-?- 

CDj^f^li. T3^U^-^a (M^liL i g h t C h k. exe) S:^o 
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[0 0 15] 

^mMKtEMX' ^^^olzir^:r.t^^ mmH)^^^ b t U V - x A v -9— 
tfi-^ if© i: tC -5 ® *^ S:^^ lC?!t^T' ^ S J: e> tc-r S r 

•r S i: & U ® il L T i& $ ti =fo (Z) "X? S> -5 „ 
CO 0 1 6] 

[^S 5: ^^t- -S 

T T ^ -fe >^ "Tig ^la^i^f* M V ^ T -5^ - ^ ® SB^S:t5/ * S: e) IB^# 

^mm^ti^y^-3t ^Mizmi:j-t^'p^< t^i'D(DAiii:hmm^mt.. mm 
n^^mRx^Amt!^m^m.<^ y y - x ^m7&i^t^y r >f ;i/ ^ x^ri: l 

[0 0 17] 
[0 0 18] 

izm^^. mmn^^m.Rx:^Amtimim^m(D u y-::^A^pgM*'^tc«®^^$ n 
^(Dx. :r.<Dm-mmmi)^h. mmn^^mAx:^Aiiii:jmm^m(D±i^mi^^^^ 
izmm-t^:mti^x^^. bfc*^oT. m^itAy-i)--Ai/:7.v^j^izmmi'tnt 
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CO 0 1 9] 
CO 0 2 0] 

CO 0 2 1] 

CO 0 2 2] 

^y-;i/?:^^z:i:^<, ^^lCff;tS J:e){C^S„ bfej5)^oT, M;^iiAV-9-- 
s <fc ^ ^ s c 

CO 0 2 3] 
CO 0 2 4] 
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[0 0 2 5] 

lc|B3^ $ ti l> V - X 5: pgM^ IcHffi^^-t -5 J: ^ ic U it =fc ® & Ji^-r ^ . 
[0 0 2 6] 

[0 0 2 7] 

r ® J: e) ic, mmm^^mjSLXj^Amti^m^m<D u y - sria^ b ^ y t -r ;i/ 

r ® e> > A V -9- - ® S: icfEMT' ^ S J: ^ ic S „ 
[0 0 2 8] 

, m±^<Dmmti'^. l^«®^^bTv^suy-x®M■rsp§M*^?^l®®^c 

[0 0 2 9] 

m-rtlli, lt«*^^^bfcU y-^*^AV-9— /t^#:(^)tf^T'^(Z)c^:■^^;feg^^t 
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[0 0 3 0] 

V^T, — MilbT^^^V }C|H«®a:e){C, r®RA I D(Z)y fcf;!/ K©fcfe(Dl^ 
[0 0 3 1] 

V''JV^^Z>:iilfSt<^ ^^{C4T;t-5 J:e)lC^-5o Vr^ff^^X. M^«AV-9— 

*^^^lC^f ;t S J: ^ iC;&S o 
[0 0 3 2] 

r®y tr;i/K®fe«)(^)^#S:^^7W :j^;i/rL--!f — f >^7x-x{c j: 
[0 0 3 3] 

^4x{Ci;y, RAID®@!SS:jS^-r'53i:;&<yif;PK©^«)®^#$:ff^ 
S j; ^ }c s <z> -t?. y tf ;i/ K® «) (D^i^ij^—mmM izi^^. 
[0 0 3 4] 

aili, 2^^^S:MMbitAVi?--7^i/X5^ixCD^<*c«figS:^-r„ Z.CDi/T.'r 
Ali. ^T'^l^-i/a^agp^l ii, _h^ag5k2h. DB (t^-^t'^-x) ^J^3i: 
, SVM (-9— 7\'v:t^ ag5^4 X-/1-#^3g7fc 5 fc. SMSGW 

h®^e>5S;:^^y M7-^'lcj:oT3^-^$ti<5t i:*)}c, A Vi?--/^^ 7:fe^ SM 

[0 0 3 5] 

AV-9--Ag|J7lC«, Zl©AV-9--/t$/;^5^A©^gp®^IS[ (a"T?iilO) ® 
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mU^i^M2 1~3 0:&>^, ^tl^tlA:^J^^> I NPUT_A~I NPUT_ 

„ rtie><3DAv-7^-^icii, m±mmm'^m&Mm^ iGTY, etv, bsi 

, BS2^) -eS(3^*(Z)#^=fei•^*4^TV^So 
[0 0 3 6] 

=b 1 o{C^tl^tim:^;^^>OUT PUT_A~OUT PUT_C$:ST^^S 
[0 0 3 7] 

02lt, AV-9— 7l^7©«^$:^-to AV1?— AlS7li, IDC i^^y^V 
Vaiyh'T^'^^ T.nyhu-'y) lit. SUB I DC i-^zr>(yv^VVx.> h 
^A>f>5.zi> hD-^) I2~i4i:, AV-y--/li5, 1 6 i:, 17 ii 

S:-^^7?V^So AV-tJ— 1 5Cti I DC 1 iSltJ^SUB I DC 1 2 $::^LT S 
MSGW^5!^6 A>e>r3V> K*^jt?>tl, A V-^-- A 1 5 :6^e> S U B I D C 1 2 
:5ttJ^I DC 1 1 S::^bTSMSGW^5K6{CX7^-^X*'5j^e>tl<5c l^^tC, A 
V9— 7t 1 6 • SMSGWig5^6^, /l/-^ 1 7 • SM S GW^tR 6 ^1?*;, 
tl^tll DC 1 l^S^tJ^SUB IDC13, IDCl i:g:tJ^SUB I DC 1 4 ^ift 

[0 0 3 8] 

AV-9- — 3 ^(DAffiiJjK- M 5 a~ 1 5 c il. zm^jCOAffi^JK 
- h(Z)iif#S:®f^^efB#/||^ii> Kn-^ 1 5 d ii, fa^H^SPl 5 e iiS: 
-^^•^V^^„ :S.Affi:^JJK- hl5a~15cli. ^tl-Ttll A V 

^-^©AiJi: l5^^>:^>n/:^)-<Z>AV-5^~^?(©ffi±i:&l^^lc^f ^ziii^^nrig"^ 
^So I3##^SP 1 5 e li, RA I D- 3 S:gl^Lfe%>®-efe*J, ^WLCDAVt 

[0 0 3 9] 

A:^J^-f > I NPUT_A'- I N PUT_J S:MT A V-t?— 7 ^C'g^5^$ 
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, -eti-^4xAV-9--Ai 5;S:t)fi 6®-^ff6o(DAffi:^j!}<- h i 5 a~i 5 c:S: 

t?l 6 a — 1 6 cODe>-^®VN-r4X7b^l oiCA:^J$tl-2>o #Am*3K- h 1 5 a — 
15 c. 1 6 a~l 6 cCA:^Jb:tAV5^-^{i. JEi^^S^^rifeS ti:^^, ^ 
tl^nfB^H^gP 1 5 e . 1 6 e {C^7l|$tl5c 
[0 0 4 0] 

IH^#^I3J1 5 e, 16 eT'tt> ^tl^tl, tv:t A Vt"- iJf :i&^-^<D:R 

T»[I® l^®HDD}C»^32,*tlSo 
[004 1] 

#Affi:dJi<- M5a~i5c, 163-16 c*^e>^±. sa^s^^i 

fBiiw^^i 5 e, 16 ets^hmM-^titcAVT'--^ (Mmn^omu) f>K # 
^mm^^m^tix'tn'etimi^^n^. #Affi*3K-M 5 a-i 5 c, 16 

a~l 6 c*>P>m*$tlfeAV7^-^?ti, 1 7T?®X>r ^y^^i^CO:*;. 

® 1 ic^-r 3@imas3 1-33 t><z>vA-rti*^{c^ti^'timij^>r>o 

^ ^ ^ -5^- ^ ^ =^ > iJ^S tvs o 

[0 0 4 2] 

•r s A° - y n > tf - -e#^ s tiT V X s . 

;r'<l/-i/3>^5^1 ii, z:(Z)AVi^->'t5/X5^A®a.-if-A^. GUI (^^ 

^ L U S :t «?) CD ^ -5 o 
[0 04 3] 
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5|5 1 C^at^tlSMffi&^-To ®lCDA*^>f > INPUT_A 

^ I NPUT_J©e) t>©VAl*tl®A:^J^^>?:@T^*&$4xSAV5=^-^ (G 

TV, ETv, Bsi, BS2^) ^um-t&i)^^'^^:^mmz^ijmM-t^t=: 

CO 0 4 4] 

04 mmn^o)muMt<Dm.^9>( $ y ^oym^m v-^/^yta 

4 {cA:^Jbfc#^i&^i?-:/^'f h>n/$:3fcr-T> Vi^f=.\i.\^'y v ^ry 

©^MiiLT^^-rsMe 1^, ^©AV5^-^cDjiim®^*&;s.WT®^>r ^ 

[0 0 4 5] 
[0 0 4 6] 

*N p> ® A V 5^- ^5^ © m X - A - f^i^Sgp^ 5 *^ ^ ® - - >r > - ® ^ 
^'^^ ^'-'r-^(0&,iih^n^'^'^^t:^f^(o^>( ^y^AA/y^iiK smsgw 
sSt^ 6 jsttJf >^ - A -f^^S3g5^ 5 ^c3i e> n s o 

[0 0 4 7] 
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[0 0 4 8] 
[0 0 4 9] 
[0 0 5 0] 

•7T>f;i/ rsR_Material(dbo) j (H-e^R^^^ $ tlT V^ S T^>n/) ^COV^T 
[0 0 5 1] 

® 1 (D S V M3g5K 4 T? li> D B 3 iZ^m $ V^ S IR^ • j|im>tjm® 

K*^f^^$4iT, K^'^SMS GWSg5^6 iC3^p>tiSo 

[0 0 5 2] 
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[0 0 5 3] 
[0 0 5 4] 

[0 0 5 5] 

^SfilT'feSo Uy-7>«^^S^5t;^^tt, SMS GW3g5^6 2g:t;tAV-9-~>'1^7 
S VM^^4 A^e>©=lV> KtCS:5V^T, ^ft^fi^JlCA Vlf- 7 ® if (7) V V- 
v> KSrAVif- Aas7 ic^^Sj&^li, S VM5g5^4:!()>e>CD3-T> FSr^fSb:^^ 

\zi.^X^^^t\.h. 

[0 0 5 6] 

^^^ictt, AV-9--/tSP7®uy-x®— K:i&^x-:^;^iibT^^$ti-5o * 
fc. Z.CD7^-y;i/*^e>V^^X^f^tC<t:oT3@f{$tlfeU y-:^ rdisk_info(RIM 
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[0 0 5 7] 

(DrnXWiZ. SMS_Co nf i g^r^ Jl (jc^x-T^^i/a > SM S) JS-tJ^ I 
DC_C F S^r-f (x^X5^>i/3>CF S) IZW-T.CD^^Z/'PA^:^ 

CO 0 5 8] 

SMS_C o n f i g y'T-f RESOURCE. SM Sj&tJf SM S ^ T 

-<>«/S:#Ay^?V^-5. RESOURCE. S M S ii. U V-X^fjcSr-^^LTgeM 

:gJM^^*e(5DX7^-^?x*^fHi^$4X'5o sm s •7T-f ;I/^c^d:. res 

OURCE, SMSlCfB^^tlitM'^OU y-X#{C. U y-XCDA^jjl 
[0 0 5 9] 

mSA, Bii, ^tl^tiiCDRE SOURCE. SMS, S M S :7 T>f /I/©fa 
3^MS:a^t-o I^SA® RE SOURCE. SMS(D1^7B<Dyr4}Vlt. SMS 
GW3g5!^6^tJfAV-9'-/t^7®tfi7?*Jl^(Z)PgM0Di; y-:^T?feS SMSGW 
^5^6 lCOV^T<Z)7T>f ^OU y-Xi& (#Res Name) 

&sMs_i, u y-x^^ry (R e s T y p e) -e^s SMS, uy-:^i 

D(Res ID)T'^S1, VV~:^<D^}l-':f^ (Gp Name)T'^S 
GP_MTPSER, ^M^M'V (07.^—^7. (Init Status) 
SENAB L E*^|B^$tlTVN-5o 
[0 0 6 0] 

I^HACDRE S OURC E. SM S ® 2 ^fg <Z) ^ T-f SMSGW 
At:^ AY Ami <D^V <D^M(DV y-X^efeS A 7 

©iDCii (02) icovNT<3Dy T^;^Tfey, ^©u y-xi&-e^-& I DC 
_i, u y-x^>f ^Tfes I DCMA I N, uy-xiD*e^S2, uy-x 

®e^;V~^i&'^fe'5GP_I DC, ^SJ^^/^B-e^XT^-^X-e^SENABLE 
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[00 6 1] 
[0 0 6 2] 

I DC_CF S7T>r;i/{Cli. ^tC^H^^A^IBj^^tl-So 0 9tt, IDC_ 
C F S :7 T >f ;i/©IH3^M S:a^i"o 
[0 0 6 3] 

2fi:^^S®#^i:bT. SMSGwm^e-vit. rL-if-oj^f^tcS^^, cm 
e>©S]vis_Co n f i syr>[JvAXJ^i DC_CF syr^ }iizmj&-^tit^v 

[0 0 64] 

01 oS:tF0i 1 li. rou v-x<Z)Wffi^^M$:a^t-o o "^H 1 0 tt, 

AV-9--7^^7iCfeVATy y->^^ rRAID_l. Ij <7)HDD (H2<Z)|Bli 
#^S1 5 e*fcttl 6 etfi®HDD) iCl^W^b^^^ bfeH^O^^M^:^ bTiS 

H®®^Mi-. «_t^<opgM®u v-:^'e&s SMS Gw^g5^6*^e>3®l^ 
W®^^bfcHDD®pgMcoy y-x**e. resource, sms (H9a 

^bfeHDD®U y-Xi& rRAID_l. Ij li, )RS^at$tlTV>-g>„ 
[0 0 6 5] 

tfc. Z:®®®®:&MJC:ii. Z.(D^)V-7.^ rRAID_l. Ij ©HDDtC 
, rf--zy?f (^^) . 7^7^^;^ ID (Uy-XID) S-t^^^W^^^^a^S 
[0 0 6 6] 

mij. Ellli^, AV-9— A^7 3&>e>, RA I DCOU br;i/K3b^il^Stife|^® 
^a^M^^OT^y, mi 0 hl^^tcbTU y-x*^pgjf^^§;}xsi:i:t)ic, 

H®©^-hM® TResource Treej *^;K©^^$4X'5r illC J: »J, 

1 6 2000-3095072 



o 



#2 000 — 09461 1 



[0 0 6 7] 

>K (C) J ^^lZ^<D^-:f:^—^-'tf'^ Tr a I D(Di; bT;!/ K (B 

XtC j:oT^?e>Hffi (i^>rrn^jK^y ^^X^S:MV%Ty lf;i/K®:t*?)®^#&^ 
^KFtCji^-r-S®®) A'^^a^SnS j:^^C:Q;oTV^S. CKDWffili, SCSI:? 
>r:/(3DRA I D-e^S*^S BXt?^:^(DRA I D-efeSjb^CA^A^t) e>"r, 1^—© 

[0 0 6 8] 

7^6}&>e>«T^®|5§M®y y-:^*i?. -r^x^y y-:;^®y y-^^&A^r^n 
> ^ =fo tc pgM^^ ^c^^ 3 ti ■& J: e) ic :^ o T V N s o 

[0 0 6 9] 

z:cDJ:e>lC, Zl®AV-9--/1t/X5^A-e«. SMS_C o n f i g 7T>f 
tJ^I DC_CF S7T>r;i/tcS^^, SMSGW5g5K6:S:tJfAV'9--/taS7©y 

SMS GwagjK 6 ;SLt;fA vi?-- 7igp 7 <D^#c#5i $:^^icffigi?^ -5 ^o\ztji^ 

[0 0 7 0] 

:g_hfil®l^iM■efessMSGw«5^6}b^^, PtW®^^ v^s y y - 

X©M-rSPg®*l?*'«SMSGW^^6}C l®®lC^^$tl-5®-e, I^WA^^^ 
Lfey y->^*'?SMS GW3g5^6Jtt5AV-y---A^7®^f$:©tfi'eif©J:e)^:^ 

[0 0 7 1] 

RAI D®y tf;VK©fc«)©^f^^^^^7-f :*;^rL-if->r>^ryx- 
X^C<^;oTff^®®*^SMSGW3§§7^6^C^5^S^^S©•e, y F©>t«)(Z)^ 
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5: 5^ 5^ A <^)Mm 4» tc rL - if - ic ^t;^ <5 J; e> ic o T V ^ S „ 
[0 0 7 2] 

^fe, SCSI^>r:/(iDRAI DX':&^i!)^SBX^^:f0RA I D'^$>^i}HZ 
[0 0 7 3] 

2/ ^ ^ >f >r - ® e) M® *^ S M S G WSgp^ 6 IC $ tl -5 J: e) 
>> ^ ^ >f X -f - ® ® «b ® y n y ^ A ^ - ^ > X 5: # ^ b T y 

[0 0 7 4] 

vi^-AS:2oMv^Tv^s*^, ^n^4iigi:®g!c©Am:*j3j<- h $:^-rs A V-9- 

- Z'? ^: agjiC® fS[;e It M V ^ A V 7^ X 7^ A JCjJc^qg 5: jgffl b T J: V % o 
[0 0 7 5] 

<!: VA„ 

[0 0 7 6] 

J!J^_h®AV-9--AS/:;?.5^i3>-??ii. R A I Dfe$g$:$gffi LitlSitS^^^ 
^t-r-S AV-9— /t$:fl|V^TV^S*^ R A I D^^^Mmt-S Zl ^ < H D A V 
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root idc(1){ 

bui It In AFSd) { 

tinier tr iggerOut (1) {AUT=30;} 

userActive tr i ggerOut (5) {AUT=29:} 

sub idcClS) { 
vpack if(1){ 

all vsbus( 1) (address=0x22; add=TmJE:} 

all vsbusC 2) {address=0x24: add=TRUE:) 

all vsbus( 3) {address=0x26; add=TRUE:) 
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